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(54) ROF COMMUNICATION REMOTE MACHINE AND ROF SYSTEM

(57)  The present application provides an ROF com-
munication remote machine and an ROF system. The
ROF communication remote machine comprises a first
packaging module and a second packaging module. The
first packaging module comprises a first branch and a
second branch that are connected to a wavelength divi-
sion multiplexer. The first branch is used for converting
a downlink optical signal received by the wavelength di-
vision multiplexer from a local machine into a downlink
electrical signal, and sending the downlink electrical sig-
nal to the second packaging module. The second branch
is connected to the second packaging module by means
of a first port and a second port, receives the downlink
electrical signal fed back, converts the downlink electrical
signal into a downlink optical signal, sends the downlink

optical signal to the local machine, receives an uplink
electrical signal sent by the second port, and sends the
uplink electrical signal to the local machine. The second
packaging module is used for amplifying the power of the
downlink electrical signal, filtering the downlink electrical
signal, then feeding back the downlink electrical signal
to the first port after the downlink electrical signal is trans-
mitted by an antenna, receiving the uplink electrical sig-
nal, and sending the uplink electrical signal to the second
port. When it is necessary to change different standards,
frequency bands, and transmission power levels, there
is no need to perform redesign and development, prod-
ucts can be quickly launched to occupy the market and
gain share, and the first-mover advantage is provided in
the competition.
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Description
TECHNICAL FIELD

[0001] The present application relates to the technical
field of wireless communication, and in particular, to a
ROF communication remote machine and ROF system.

BACKGROUND

[0002] In the ROF (radio over fiber) communication
system, the last stage in a remote unit is usually a power
amplifier tube, which is used to amplify a signal to a spec-
ified power, and then radiate it to a specified area through
an antenna. The ROF technology includes modulating
microwaves onto lasers, and the modulated light waves
are propagated through an optical link, and finally re-
ceived and demodulated by a base station, and the de-
modulated microwaves are radiated by an antenna. In
order to amplify the signal without distortion, it is neces-
sary to linearize the power amplifier tube.

[0003] The most common linearization technologies
for power amplifier tubes in the prior art are the analog
pre-distortion technology and the DPD (digital pre-distor-
tion, digital pre-distortion) technology. Among them, the
digital pre-distortion is cascaded with a power amplifier
element through a pre-distortion element, and the non-
linear distortion function exists between signal process-
ing domains, which is equal to the amount of amplifier
distortion, and the distortion function is opposite to
achieve a highly linear, distortion-free system. However,
the deviation of nonlinear distortion varies with time, tem-
perature, and bias voltage. It is necessary to use a feed-
back mechanism to sample and feedback the output sig-
nal, and use a correction pre-distortion algorithm to add
a nonlinear circuit to compensate for the nonlinearity of
the power amplifier, and to sample and analyze the feed-
back signal to generate a real-time changing downlink
input signal. Thereby, the nonlinearity of the power am-
plifier tube is corrected in real time.

[0004] The feedback architecture adopted in the prior
art is based on the idea of independent non-modular de-
sign modules for the feedback link and the uplink. Taking
into account the FDD (Frequency Division Duplexing)
system and the TDD (Time Division Duplexing) system,
the FDD is a technology that uses two independent chan-
nels to transmit information down and up, respectively.
The TDD is a technique for timely distinguishing a wire-
less channeland a continuous uplink operationina down-
link operation of a frame period. Under this feedback
structure, the TDD system has not yet achieved a lower
cost. When replacing different systems, different fre-
quency bands, and different transmission power levels,
itis necessary to redesign the entire TDD or FDD remote
module, or the PCB of the TDD or FDD remote module.
In the market environment that needs to quickly occupy
the market to gain share, it has been difficult to be ac-
cepted by the market environment.
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[0005] To sum up, the prior art is aimed at the ROF
system, and can effectively solve the problem of distor-
tion during signal amplification, and the DPD technology
can be used to correct the nonlinearity of the power am-
plifier tube in real time. However, since the TDD system
has not been fully developed, there may be potential fre-
quent module design replacements in the future. More-
over, in the ROF system, the process of switching be-
tween various standards, between frequency bands, and
between transmission levels is still cumbersome, and the
entire module needs to be redesigned, which consumes
a lot of manpower, material resources and development
costs. Itis not conducive to the rapidly changing market,
making it difficult for the existing technology to quickly
occupy the market share to cope with the competitive
environment.

SUMMARY

[0006] The feedback architecture currently adopted in
the industry is based on the idea of independent design
of feedback link and uplink. Although it takes into account
both the FDD standard and the TDD standard, this meth-
od has not achieved the lowest costunder the TDD stand-
ard. Ifitis needed to replace different standards, different
frequency bands, and different transmit power levels, it
is needed to redesign and develop the entire module,
which requires a lot of manpower, material resources and
time. It has rapidly launched products and gained market
share, and has been unable to adapt to the increasingly
fierce competition environment.

[0007] Afirstaspectofthe presentapplication provides
an ROF communication remote machine, including a first
packaging module and a second packaging module;

the first packaging module comprises a wavelength
division multiplexer, a first branch connected to the
wavelength division multiplexer, and a second
branch, and the second branch being connected to
the second packaging module through a first port
and a second port; wherein

the first branch is used to convert a downlink optical
signal received from a local machine by the wave-
length division multiplexer into a downlink electrical
signal, and send the downlink electrical signal to the
second packaging module;

the second branch is used to receive the downlink
electrical signal fed back by the first port, convert it
into a downlink optical signal, and send the downlink
optical signal to the local machine through the wave-
length division multiplexer, and is used to receive an
uplink electrical signal sent by the second port and
convert the uplink electrical signal into an uplink op-
tical signal, and then send the uplink optical signal
to the local machine through the wavelength division
multiplexer;

the second packaging module is used to amplify the
power of a downlink electrical signal, send and feed
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back the downlink electrical signal to the first port
through the antenna after filtering, and receive an
uplink electrical signal through the antenna, and
send the uplink electrical signal to the second port
after filtering and power-amplifying.

[0008] A second aspect of the present application pro-
vides an ROF system with digital pre-distortion, the ROF
system with digital pre-distortion comprising:

a local machine for modulating and frequency-con-
verting a downlink signal, then converting the down-
link signal into a downlink optical signal via a laser,
and sending the downlink optical signal to a ROF
communication remote machine, and for receiving a
feedback signal and/or an uplink signal sent by the
ROF communication remote machine, converting
the feedback signal and/or the uplink signal into an
optical signal through a detector, and sending the
optical signal to a baseband unit by frequency con-
version and demodulation; and

the ROF communication remote machine in the em-
bodiments provided by the first aspect of the present
application.

[0009] The ROF communication remote machine pro-
vided by the present application can solve the problem
of rapid reconfiguration of products that require different
standards, different frequency bands, different transmis-
sion powers and other indicators when the prior art is
applied tothe ROF system. This method adopts the struc-
ture of sub-modules. When the TDD and FDD modes
need to be replaced, only the modules need to be
switched. Universal remote modules do not need to be
redesigned, and detectors, low-noise amplifiers, lasers,
and down-conversion in the TDD standard do not need
to be in the form of patches, thus reducing costand power
consumption, and reducing time spent on the design of
the PCB of the local machine. The method does not need
to redesign and re-develop the entire product, and does
not need to spend a lot of manpower, material resources
and time, and can quickly launch the product and occupy
the market to gain share, so it can take the lead in the
competition.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Figure 1 is a schematic diagram of a ROF commu-
nication system under the FDD standard;

Figure 2 is a schematic diagram of a ROF commu-
nication system under the TDD standard;

Figure 3 is a schematic diagram of sending steps of
a downlink signal of the FDD standard;

Figure 4 is a schematic diagram of sending steps of
a downlink feedback signal of the FDD standard;
Figure 5 is a schematic diagram of sending steps of
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an uplink signal of the FDD standard;

Figure 6 is a schematic diagram of sending steps of
a downlink feedback signal of the TDD standard;
Figure 7 is a schematic diagram of a cost-saving
ROF communication system of the TDD standard;
and

Figure 8 is a schematic diagram of steps of sending
a cost-saving downlink feedback signal under the
TDD standard.

DETAILED DESCRIPTION

[0011] Inorderto make the objects, technical solutions
and advantages of the present application clearer, the
present application will be further described in detail be-
low with reference to the accompanying drawings. Obvi-
ously, the described embodiments are only a part of the
embodiments of the present application, but not all of the
embodiments. Based on the embodiments of the present
application, all other embodiments obtained by persons
of ordinary skill in the art without creative efforts shall fall
within the protection scope of the present application.
[0012] For the convenience of understanding, the
terms involved in the embodiments of the present appli-
cation are explained below:

1) WDM (Wavelength Division Multiplexing) is a
technology that combines two or more optical carrier
signals of different wavelengths (carrying various in-
formation) at a transmitting end through a multiplexer
(also known as a Multiplexer), and couples the com-
bined signal to a same optical fiber line for transmis-
sion. Atareceiving end, the optical carriers of various
wavelengths are separated by a demultiplexer (also
called a demultiplexer), and then further processed
by an optical receiver to restore the original signals.
This technology of transmitting two or many different
wavelengths of optical signals in the same fiber at
the same time is called wavelength division multi-
plexing.

2) Optocoupler is an electrical-optical-electrical con-
version device that transmits electrical signals with
light as the medium. It consists of a light-emitting
source and a light-receiver, which are assembled in
the same closed casing and isolated from each other
by a transparent insulator. The pin of the light-emit-
ting source is the input end, the pin of the receiver
is the output end. The common light source is light
emitting diode, and the light receiver is photodiode,
phototransistor and so on.

3) Circulator is a device that transmits electromag-
netic waves in a unidirectional ring. The principle of
the circulator is that the magnetic field biases the
anisotropic properties of the ferrite material.

4) Isolator adopts the principle of linear optocoupler
isolation to convert and output the input signal. The
input end, output end and the working power supply
are isolated from each other, which is especially suit-



5 EP 4 020 845 A1 6

able for use with equipment and meters that require
electrical isolation. Isolators, also known as signal
isolators, are an important part of industrial control
systems.

5) Diplexer is the main accessory of inter-frequency
duplex radio and repeater. Its function is to isolate
the transmitting and receiving signals to ensure that
both receiving and transmitting can work normally at
the sametime. Itis composed of two band-stop filters
with different frequencies to avoid the transmission
of the machine’s transmitted signal to the receiver.
6) Up conversion is a process of converting an input
signal with a certain frequency into an output signal
with a higher frequency (usually without changing
the information content and modulation method of
the signal). In the receiver, if the IF signal obtained
after mixing is lower than the original signal, then this
mixing method is called down-conversion. The pur-
pose of down-conversion is to reduce the carrier fre-
quency of the signal, or directly remove the carrier
frequency to obtain a baseband signal.

[0013] Figure 1is a schematic diagram of a ROF com-
munication system involved in the application. The sys-
tem includes a local machine and a remote machine,
wherein the remote machine includes a first packaging
module 101 and a second packaging module 102, where-
in figure 1 is a schematic structural diagram of the FDD
standard, andfigure 2 is a schematic structural schematic
of the TDD standard.

[0014] The first packaging module 101 is connected to
the local machine, and the first packaging module 101 is
connected to the second packaging module 102. The
first packaging module 101 is located between the local
machine and the second packaging module 102. The
first packaging module 101 includes a wavelength divi-
sion multiplexer WDM, a first branch 103 and a second
branch 104 connected to the wavelength division multi-
plexer. The second branch is composed of a feedback
second branch and an uplink second branch. The feed-
back second branch includes a first port 105, the second
uplink branch includes a second port 106, and the first
port 105 and the second port 106 are connected to the
second packaging module 102. The first port 105 in-
cludes a first selection switch K1, and the second port
106 includes a second selection switch K2. The downlink
signal is sent from the local machine to the second pack-
aging module 102 via the firstbranch 103 of the first pack-
aging module 101, and the downlink signal is sent
through the second packaging module 102. The downlink
feedback signal is transmitted by the second packaging
module 102 to the first packaging module 101 through
the first selection switch K1 in the first port 105 in the
feedback second branch of the first packaging module
101, and sent by the first packaging module 101 to the
local machine. The downlink feedback signal is selected
and transmitted by the second packaging module 102 to
the first packaging module 101 through the first selection
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switch K1 in the first port 105 in the feedback second
branch of the first packaging module 101, and sent by
the first packaging module 101 to the local machine. The
uplink signal is transmitted to the first packaging module
102 by the second selection switch K2 in the second port
106 of the uplink second branch of the second packaging
module 102, and sent to the local machine by the first
packaging module 102.

[0015] In the embodiment of the present application,
the purpose of splitting the ROF communication remote
machine into the first packaging module and the second
packaging module is that when the ROF communication
system needs to be replaced with different standards,
different frequency bands, and different transmit power
levels, the first packaging module can complete the
switching between TDD and FDD without redesigning of
itself. When switching standards, different frequency
bands, and different transmit power levels, for the com-
ponents in the second packaging module, it is only nec-
essary to perform patching of devices with different fre-
quency bands, different power levels, the same package,
and the same pin definition. In addition, inthe TDD stand-
ard, the design of the detector LD1, low noise amplifier
L1, laser PD2, down-conversion D1, and ADC1 in the
feedback second branch can be saved. Therefore, this
method of rapid reconstruction of the ROF system does
not need to consume a lot of manpower, material resourc-
es and time, and can quickly launch products, occupy
the market and gain share, and reduce the cost of prod-
ucts.

Embodiment 1

[0016] An embodiment of the present application pro-
vides an ROF communication remote machine under the
FDD standard. As shown in figure 1, the ROF communi-
cation remote machine includes a first packaging module
101 and a second packaging module 102. Here, the first
packaging module 101 includes a wavelength division
multiplexer, and a first branch 103 and a second branch
104 both of which are connected to the wavelength divi-
sion multiplexer. The first branch 103 includes a laser
PD1, and the second branch 104 connected to the sec-
ond packaging module is further divided into a feedback
second branch and an uplink second branch. The feed-
back second branch has a first selection switch K1,the
first selection switch K1 is connected to the first port 105
and a low-noise amplifier L1, and the low-noise amplifier
L1 is connected to the WDM through a detector LD1. The
uplink second branch has a second selection switch K2,
the second selection switch K2 is connected to the sec-
ond port 105 and a low-noise amplifier L2, and the low-
noise amplifier L2 is connected to the WDM through a
detector LD2.

[0017] The first selection switch K1 and the second
selection switch K2 are single-pole double-throw switch-
es, and each selection switch has a fixed end and two
selection ends.
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[0018] In the first selection switch K1, one end con-
nected to the second packaging module 102 is the fixed
end, and the other two ends are the selection ends.
[0019] Inthe second selection switch K2, one end con-
nected with the wavelength division multiplexer WDM is
the fixed end, and the other two ends are the selection
ends.

[0020] At the time of uplink, the fixed end of the first
selection switch K1 is connected to the selection end of
a side connected to the wavelength division multiplexer
WDM, and the connection between the first port 105 and
the wavelength division multiplexer WDM is selectively
switched on. The fixed end of the second selection switch
K2is connected to a selection end on a side of the second
packaging module 102, and the connection between the
second port 106 and the wavelength division multiplexer
WDM is selectively switched on.

[0021] At the time of downlink, the fixed end of the first
selection switch K1 is connected to the selection end of
a side connected to the wavelength division multiplexer
WDM, and the connection between the first port 105 and
the wavelength division multiplexer WDM is selectively
switched on. The fixed end of the second selection switch
K2 is connected to the selection end on a side of the
second packaging module 102, and the connection be-
tween the second port 106 and the wavelength division
multiplexer WDM is selectively switched on. The sending
steps of the downlink signal in the FDD standard are
shown in figure 3 below.

Step S301: the first branch in the first packaging
module receives a downlink optical signal sent by
the local machine from the wavelength division mul-
tiplexer WDM;

the near-end machine receives the downlink signal
from the baseband unit, and through the near-end
machine, converts the downlink signal into a down-
link optical signal with a wavelength of 11; the down-
link optical signal is transmitted through the wave-
length division multiplexer, the downlink optical sig-
nal and the light of other wavelengths are gathered
together by the wavelength division multiplexer, and
sent to the first packaging module in the far end ma-
chine. The downlink optical signal with wavelength
A1 is separated at the wavelength division multiplex-
er WDM of the first packaging module.

Step S302: the downlink optical signal received from
the first branch is converted into a downlink electrical
signal and sent to the second packaging module;
the downlink optical signal received from the first
branch and sent by the wavelength division multi-
plexer is converted into a downlink electrical signal
bythelaserPD1, andis sentto the second packaging
module.

Step S303: the second packaging module receives
the downlink electrical signal sent by the first pack-
aging module;

the power amplifier tube A1 of the second packaging
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module under the FDD standard amplifies the down-
link electrical signal, the amplified downlink electrical
signal passes through the power coupler, most of
the power signal is sent to a circulator for processing,
and finally the signal is filtered by a filter at the end,
and finally the signal reaches the antenna port of the
remote machine and is transmitted outside.

[0022] The sending steps of the downlink feedback sig-
nal in the FDD standard are shown in figure 4 below.

Step S401: the second packaging module sends a
downlink electrical signal to the first port of the first
packaging module, and controls to switch on the
switch of the feedback second branch;

the power amplifier tube amplifies the downlink elec-
trical signal and sendsitto the power coupler, where-
in a part of the power signal is sent to the second
branch of the first packaging module through the first
port, and the second branch includes the feedback
second branch and the second uplink branch; the
part of the power downlink electrical signal is sent to
the feedback second branch through the first port,
wherein the feedback second branch includes a first
selection switch K1; at this time, the first selection
switch K1 selects to connect the fixed end to a se-
lection end on a side connected to the wavelength
division multiplexer WDM, and selectively switches
on the connection between the first port and the
wavelength division multiplexer WDM; the second
selection switch K2 selects to connect the fixed end
to the selection end on one side of the second pack-
aging module, and selectively switches on the con-
nection between the second portand the wavelength
division multiplexer WDM. The downlink feedback
signal is sent to the feedback second branch.

[0023] The feedback second branch receives a part of
the power downlink electrical signal as the feedback
downlink electrical signal, and sends the feedback down-
link electrical signal to the low-noise amplifier L1 to proc-
ess the downlink feedback electrical signal. The proc-
essed downlink feedback signal is converted into a feed-
back downlink optical signal A2 through the detector LD1,
and is sent to the wavelength division multiplexer WDM.

Step S402: The wavelength division multiplexer
WDM receives the feedback downlink optical signal
sent by the feedback second branch;

the wavelength division multiplexer WDM transmits
the feedback downlink optical signal, and the wave-
length division multiplexer WDM gathers the feed-
back downlink optical signal A2 and light of other
wavelengths together, and sends it to the local ma-
chine; the wavelength division multiplexer in the local
machine separates the feedback downlink optical
signal with wavelength A2, and the separated feed-
back downlink optical signal is processed by the local
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machine, converted into a feedback signal, and sent
to the baseband unit.

Step S403: the baseband unit receives the feedback
signal and performs data analysis;

the baseband unit performs data analysis on the
feedback baseband signal received from the local
machine, and analyzes the distortion model of the
power amplifier tube; the DPD pre-distortion algo-
rithm is performed according to the distortion model
to generate a new set of pre-distorted downlink base-
band signals; the sending process of the downlink
signal is carried out again, so that the nonlinearity of
the power amplifier tube is corrected in real time, so
as to realize the pre-distortion of the signal.

[0024] The sending steps of the uplink signal of the
FDD standard are shown in figure 5 below.

[0025] Step S501: the end antenna of the remote ma-
chine receives the uplink signal and sends it to the first
packaging module.

[0026] Underthe FDD standard, the filter in the second
packaging module filters the uplink signal, sends the fil-
tered uplink signal to the circulator for processing, and
sends the uplink electrical signal from the circulator to
the first packaging module.

Step S502: the first packaging module receives the
uplink electrical signal, converts it into an uplink op-
tical signal, and sends it to the local machine;

the second branch in the first packaging module in-
cludes a feedback second branch and an uplink sec-
ond branch, and the uplink electrical signal is sent
to the uplink second branch; the uplink second
branchincludes a second selection switch K2, which
sends the uplink electrical signal to the uplink second
branch; at this time, the first selection switch K1 se-
lects the fixed end to be connected to the selection
end on a side connected to the wavelength division
multiplexer WDM, and selectively switches on the
connection between the first port and the wavelength
division multiplexer WDM; the second selection
switch K2 selects the fixed end to be connected to
the selection end on a side of the second packaging
module, and selectively switches on the connection
between the second port and the wavelength division
multiplexer WDM.

[0027] The uplink second branch in the second branch
is connected to the wavelength division multiplexer
WDM, and the uplink electrical signal is sent to the low
noise amplifier L2 for processing. The processed uplink
electrical signal is converted into an uplink optical signal
A3 through the detector LD2 and sent to the wavelength
division multiplexer WDM.

Step S503: receiving the uplink optical signal sent
by the first packaging module, converting it into an
uplink electrical signal, and sending it to the base-

10

15

20

25

30

35

40

45

50

55

band unit;

the wavelength division multiplexer WDM transmits
the uplink optical signal, and the wavelength division
multiplexer WDM gathers the uplink optical signal A3
and the light of other wavelengths together, and
sendsitto the local machine; the wavelength division
multiplexer in the local machine separates the uplink
optical signal with a wavelength of 1.3, converts the
separated uplink optical signal into an uplink signal
through the local machine, and sends it to the base-
band unit.

[0028] Whenthe ROF communication remote machine
under the FDD standard needs to replace the input signal
of different power levels, it only needs to replace the
patches of the devices with different power levels, the
same package, and the same pin definition. Forexample,
when the power of the uplink signal is replaced, it is only
necessary to replace the duplexer in the second pack-
aging module and the low noise amplifier L2 in the first
packaging module with patch devices of different power
levels, the same package, and the same pin definition.
[0029] In addition, when the ROF communication re-
mote machine under the FDD system needs to switch
from the FDD system to the TDD system, it only needs
to switch the corresponding second packaging module
under FDD to the second packaging module under TDD.
The connection method and signal direction of other ports
remain unchanged. Moreover, at the downlink moment
of the TDD system, by selecting the first selection switch
K1, the fixed end is selected to be connected to the se-
lection end on a side of the second selection switch K2,
and then the connection between the first port and the
second selection switch K2 is selected to be switched
on. In addition, the second selection switch K selectively
connects the fixed end to the selection end on one side
of the first selection switch K1, thereby selectively switch-
ing on the connection between the second selection
switch K2 and the first selection switch K1. Through this
connection mode, the feedback downlink signal switched
to the TDD standard can be sent to the first packaging
module through the uplink second branch. In this case,
the device of the feedback second branch may not be
specifically designed.

Embodiment 2

[0030] An embodiment of the present application pro-
vides an ROF communication remote machine under the
TDD standard. As shown in figure 2, the ROF communi-
cation remote machine includes afirst packaging module
201 and a second packaging module 202. Here, the first
packaging module 201 includes a wavelength division
multiplexer, and a first branch 203 and a second branch
204 both of which are connected to the wavelength divi-
sion multiplexer. The first branch 203 includes a laser
PD1, and the second branch 204 connected to the sec-
ond packaging module is further divided into a feedback
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second branch and an uplink second branch. The feed-
back second branch has a first selection switch K1, the
first selection switch K1 is connected to the first port 205
and a low-noise amplifier L1, and the low-noise amplifier
L1 is connected to the WDM through a detector LD1. The
uplink second branch has a second selection switch K2,
the second selection switch K2 is connected to the sec-
ond port 205 and a low-noise amplifier L2, and the low-
noise amplifier L2 is connected to the WDM through a
detector LD2.

[0031] The first selection switch K1 and the second
selection switch K2 are single-pole double-throw switch-
es, and each selection switch has a fixed end and two
selection ends.

[0032] In the first selection switch K1, one end con-
nected to the second packaging module 202 is the fixed
end, and the other two ends are the selection ends.
[0033] Inthe second selection switch K2, one end con-
nected with the wavelength division multiplexer WDM is
the fixed end, and the other two ends are the selection
ends.

[0034] At the time of uplink, the fixed end of the first
selection switch K1 is connected to the selection end of
a side connected to the wavelength division multiplexer
WDM, and the connection between the first port 205 and
the wavelength division multiplexer WDM is selectively
switched on. The fixed end of the second selection switch
K2is connected to a selection end on a side of the second
packaging module 202, and the connection between the
second port 206 and the wavelength division multiplexer
WDM is selectively switched on.

[0035] At the time of downlink, the fixed end of the first
selection switch K1 is connected to the selection end of
a side connected to the wavelength division multiplexer
WDM, and the connection between the first port 205 and
the wavelength division multiplexer WDM is selectively
switched on. The fixed end of the second selection switch
K2 is connected to the selection end on a side of the
second packaging module 202, and the connection be-
tween the second port 206 and the wavelength division
multiplexer WDM is selectively switched on.

[0036] As an optional implementation manner, at the
time of downlink, by selecting the first selection switch
K1, the fixed end is selected to be connected to the se-
lection end on a side of the second selection switch K2,
and the connection between the first port 205 and the
second selection switch K2 is selectively switched on. In
addition, the second selection switch K2 selectively con-
nects the fixed end to the selection end on a side of the
first selection switch K1, and selectively switches on the
connection between the second selection switch K2 and
the first selection switch K1. Through this connection
mode, the feedback downlink signal switched to the TDD
standard can be sent to the first packaging module 201
through the uplink second branch.

[0037] Thesending stepsofthe downlink signal of TDD
system are roughly the same as that of FDD. Only the
second packaging module differs in the signal processing
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method of the downlink signal at the end. Those skilled
inthe art should be aware of this difference, and no further
description is provided here.

[0038] The sending steps of the downlink signal in the
TDD standard are shown in figure 6 below.

Step S601: the second packaging module sends a
downlink electrical signal to the first port of the first
packaging module, and controls to switch on the
switch of the feedback second branch;

the power amplifier tube amplifies the downlink elec-
trical signal and sendsitto the power coupler, where-
in a part of the power signal is sent to the second
branch of the first packaging module through the first
port, and the second branch includes the feedback
second branch and the second uplink branch. The
part of the power downlink electrical signal is sent to
the feedback second branch through the first port,
wherein the feedback second branch includes a first
selection switch K1. At this time, the first selection
switch K1 selects to connect the fixed end to a se-
lection end on a side connected to the wavelength
division multiplexer WDM, and selectively switches
on the connection between the first port and the
wavelength division multiplexer WDM. The second
selection switch K2 selects to connect the fixed end
to the selection end on one side of the second pack-
aging module, and selectively switches on the con-
nection between the second port and the wavelength
division multiplexer WDM. The downlink feedback
signal is sent to the feedback second branch. The
feedback second branchreceives a part of the power
downlink electrical signal as the feedback downlink
electrical signal, and sends the feedback downlink
electrical signal to the low-noise amplifier L1 to proc-
ess the downlink feedback electrical signal. The
processed downlink feedback signal is converted in-
to a feedback downlink optical signal A2 through the
detector LD1, and is sent to the wavelength division
multiplexer WDM.

Step 602: The wavelength division multiplexer WDM
receives the feedback downlink optical signal sent
by the feedback second branch;

[0039] The wavelength division multiplexer WDM
transmits the feedback downlink optical signal, and the
wavelength division multiplexer WDM gathers the feed-
back downlink optical signal A2 and light of other wave-
lengths together, and sends it to the local machine. The
wavelength division multiplexer in the local machine sep-
arates the feedback downlink optical signal with wave-
length A2, and the separated feedback downlink optical
signal is processed by the local machine, converted into
a feedback signal, and sent to the baseband unit.

Step S603: the baseband unit receives the feedback
signal and performs data analysis;
the baseband unit performs data analysis on the



13 EP 4 020 845 A1 14

feedback baseband signal received from the local
machine, and analyzes the distortion model of the
power amplifier tube; the DPD pre-distortion algo-
rithm is performed according to the distortion model
to generate a new set of pre-distorted downlink base-
band signals; the sending process of the downlink
signal is carried out again, so that the nonlinearity of
the power amplifier tube is corrected in real time, so
as to realize the pre-distortion of the signal.

[0040] The sending steps of the uplink signal of TDD
system are roughly the same as that of FDD. Only the
second packaging module differs in the signal processing
method of the uplink signal at the end. Those skilled in
the art should be aware of this difference, and no further
description is provided here.

[0041] Whenthe ROF communicationremote machine
under the TDD standard needs to replace the input signal
of different power levels, it only needs to replace the
patches of the devices with different power levels, the
same package, and the same pin definition. Forexample,
when the power of the uplink signal is replaced, it is only
necessary to replace the filter in the second packaging
module and the low noise amplifier L2 in the first pack-
aging module with patch devices of different power lev-
els, the same package, and the same pin definition.
[0042] In addition, when the ROF communication re-
mote machine under the TDD system needs to switch
from the TDD system to the FDD system, it only needs
to switch the corresponding second packaging module
under TDD to the second packaging module under FDD.
The connection method and signal direction of other ports
remain unchanged.

Embodiment 3

[0043] This embodiment provides a remote machine
for ROF communication applied in the TDD standard,
including a first packaging module 701 and a second
packaging module 702. The first packaging module 701
doesnotinclude afeedback second branch to save costs.
[0044] As shown in figure 7, the ROF communication
remote machine includes a first packaging module 701
and a second packaging module 702. Here, the first pack-
aging module 701 includes a wavelength division multi-
plexer, and a first branch 703 and a second branch 704
both of which are connected to the wavelength division
multiplexer. The first branch 703 includes a laser PD1,
and the second branch 104 connected to the second
packaging module includes an uplink second branch.
The second branch includes a first port 705, the first port
705 is connected to a first selection switch K1, and the
first switch K1 is connected to a second selection switch
K2. The second uplink branch has a second selection
switch K2, the second switch K2 is connected to a second
port 706 and a low-noise amplifier L2, and the low-noise
amplifier L2 is connected to the WDM through a detector
LD2.
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[0045] The first selection switch K1 and the second
selection switch K2 are single-pole double-throw switch-
es, and each selection switch has a fixed end and two
selection ends.

[0046] In the first selection switch K1, one end con-
nected to the second packaging module 702 is the fixed
end, and the other two ends are the selection ends.
[0047] Inthe second selection switch K2, one end con-
nected with the wavelength division multiplexer WDM is
the fixed end, and the other two ends are the selection
ends.

[0048] At the time of uplink, the connection mode of
the first selection switch K1 is not limited. The fixed end
of the second selection switch K2 is connected to a se-
lection end on a side of the second packaging module
702, and the connection between the second port 106
and the wavelength division multiplexer WDM is selec-
tively switched on.

[0049] Atthe time of downlink, the first selection switch
K1 selects to connect the fixed end to the selection end
on a side of the second selection switch K2, and selec-
tively switches on the connection between the first port
705 and the second selection switch K2. The second
selection switch K2 selectively connects the fixed end to
the selection end on a side of the first selection switch,
and selectively switches on the connection between the
second selection switch K2 and the first selection switch
K1.

[0050] The sending steps of the downlink signal of TDD
system are roughly the same as that of FDD. Only the
second packaging module differs in the signal processing
method of the downlink signal at the end. Those skilled
inthe art should be aware of this difference, and no further
description is provided here. The sending steps of the
downlink signal in the TDD standard are shown in figure
8 below.

Step S801: the second packaging module sends a
downlink electrical signal to the first port of the first
packaging module, and controls to switch on the
switch of the uplink second branch;

the power amplifier tube amplifies the downlink elec-
trical signal and sendsitto the power coupler, where-
in a part of the power signal is sent to the second
branch of the first packaging module through the first
port, and the second branch includes the feedback
second branch and the second uplink branch. The
part of the power downlink electrical signal is sent to
the feedback second branch through the first port,
wherein the feedback second branch includes a first
selection switch K1. At this time, the first selection
switch K1 selectively connects the fixed end to the
selection end on a side connected to the second se-
lection switch K2, and selectively switches on the
connection between the first port and the second se-
lection switch K2. The second selection switch K2
selectively connects the fixed end to the selection
end on a side of the first selection switch K1, and
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selectively switches on the connection between the
second selection switch K2 and the first selection
switch K1. The downlink feedback signal is sent to
the uplink second branch. The uplink second branch
receives a part of the power downlink electrical signal
as the feedback downlink electrical signal, and sends
the feedback downlink electrical signal to the low-
noise amplifier L2 to process the downlink feedback
electrical signal. The processed downlink feedback
signal is converted into a feedback downlink optical
signal A3 through the detector LD2, and is sent to
the wavelength division multiplexer WDM.

Step 802: the wavelength division multiplexer WDM
receives the feedback downlink optical signal sent
by the uplink second branch;

the wavelength division multiplexer WDM transmits
the feedback downlink optical signal, and the wave-
length division multiplexer WDM gathers the feed-
back downlink optical signal A3 and light of other
wavelengths together, and sends it to the local ma-
chine; the wavelength division multiplexerin the local
machine separates the feedback downlink optical
signal with wavelength A3, and the separated feed-
back downlink optical signal is processed by the local
machine, converted into a feedback signal, and sent
to the baseband unit.

Step S803: the baseband unit receives the feedback
signal and performs data analysis;

the baseband unit performs data analysis on the
feedback baseband signal received from the local
machine, and analyzes the distortion model of the
power amplifier tube; the DPD pre-distortion algo-
rithm is performed according to the distortion model
to generate a new set of pre-distorted downlink base-
band signals; the sending process of the downlink
signal is carried out again, so that the nonlinearity of
the power amplifier tube is corrected in real time, so
as to realize the pre-distortion of the signal.

[0051] The sending steps of the uplink signal of TDD
system are roughly the same as that of FDD. Only the
second packaging module differs in the signal processing
method of the uplink signal at the end. Those skilled in
the art should be aware of this difference, and no further
description is provided here.

[0052] Whenthe ROF communication remote machine
under the TDD standard needs to replace the input signal
of different power levels, it only needs to replace the
patches of the devices with different power levels, the
same package, and the same pin definition. Forexample,
when the power of the uplink signal is replaced, it is only
necessary to replace the filter in the second packaging
module and the low noise amplifier L2 in the first pack-
aging module with patch devices of different power lev-
els, the same package, and the same pin definition.
[0053] In addition, when the ROF communication re-
mote machine under the TDD system needs to switch
from the TDD system to the FDD system, it only needs
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to switch the corresponding second packaging module
under TDD to the second packaging module under FDD.
The connection method and signal direction of other ports
remain unchanged.

Embodiment 4

[0054] This embodiment provides an ROF system with
digital pre-distortion, and the ROF system with digital pre-
distortion includes:

a local machine for modulating and frequency-con-
verting a downlink signal, then converting the down-
link signal into a downlink optical signal via a laser,
and sending the downlink optical signal to a ROF
communication remote machine, and for receiving a
feedback signal and/or an uplink signal sent by the
ROF communication remote machine, converting
the feedback signal and/or the uplink signal into an
optical signal through a detector, and sending the
optical signal to a baseband unit by frequency con-
version and demodulation;

a ROF communication remote machine including a
first packaging module and a second packaging
module.

[0055] The first packaging module includes a wave-
length division multiplexer, a first branch connected to
the wavelength division multiplexer, and a second
branch, and the second branch is connected to the sec-
ond packaging module through a first port and a second
port.

[0056] The first branch is used to convert a downlink
optical signal received from alocal machine by the wave-
length division multiplexer into a downlink electrical sig-
nal, and send the downlink electrical signal to the second
packaging module.

[0057] The second branch is used toreceive the down-
link electrical signal fed back by the first port, convert it
into a downlink optical signal, and send the downlink op-
tical signal to the local machine through the wavelength
division multiplexer, and is used to receive an uplink elec-
trical signal sentby the second port and convertthe uplink
electrical signal into an uplink optical signal, and then
send the uplink optical signal to the local machine through
the wavelength division multiplexer.

[0058] The second packaging module is used to am-
plify the power of the downlink electrical signal, transmit
and feed back the downlink electrical signal to the first
port through the antenna after filtering, and receive the
uplink electrical signal through the antenna, and send
the uplink electrical signal to the second port after being
filtered and amplified.

[0059] Optionally, the second branch includes a feed-
back second branch and an uplink second branch.
[0060] The feedback second branch has a first selec-
tion switch for selectively switching on the connection
between the first port and the wavelength division multi-
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plexer, or switching on the connection between the first
port and the second selection switch.

[0061] The uplink second branch has a second selec-
tion switch for selectively switching on the connection
between the second port and the wavelength division
multiplexer, or switching on the connection between the
second selection switch and the first selection switch.
[0062] Optionally, the first selection switch selectively
switches on the connection between the first port and the
wavelength division multiplexer, and the second selec-
tion switch selectively switches on the connection be-
tween the second port and the wavelength division mul-
tiplexer.

[0063] Optionally, at the time of uplink, the first selec-
tion switch selectively switches on the connection be-
tween the first port and the wavelength division multiplex-
er, and the second selection switch selectively switches
on the connection between the second portand the wave-
length division multiplexer.

[0064] Atthetime of downlink, the first selection switch
selectively switches on the connection between the first
portand the wavelength division multiplexer, and the sec-
ond selection switch selectively switches on the connec-
tion between the second selection switch and the wave-
length division multiplexer.

[0065] Optionally, the ROF communication remote
machine is in a TDD standard, and the second branch
has afirst selection switch and a second selection switch.
[0066] The second selection switch is used to selec-
tively switch on the connection between the second port
and the wavelength division multiplexer, or switch on the
connection with the first selection switch. The first selec-
tion switch is used to switch on or off the connection be-
tween the first port and the second selection switch.
[0067] Optionally, at the time of uplink, the second se-
lection switch selectively switches on the connection be-
tween the second port and the wavelength division mul-
tiplexer.

[0068] At the time of going down, the first selection
switch is used to switch on the connection between the
first port and the second selection switch, and the second
selection switch selectively switches on the connection
with the first selection switch.

[0069] Optionally, the first selection switch and/or the
second selection switch are single pole double throw
switches.
[0070] Optionally, the second branch includes:

a low-noise amplifier for power-amplifying a down-
link electrical signal fed back by afirst port and send-
ingitto a detector, and for power-amplifying an uplink
electrical signal sent by a second port and sending
it to the detector; and

a detector for converting the received downlink elec-
trical signal into a downlink optical signal, and for
converting the received uplink electrical signal into
an uplink optical signal.
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[0071] Optionally, the ROF communication remote
machineisin a TDD standard, and the second packaging
module includes:

a power amplifier, used for power-amplifying the
downlink electrical signal sent by the first packaging
module and sending it to a power coupler;

a power coupler for separating the downlink electri-
cal signal received from the power amplifier into two
electrical signals, one of which is sent to a circulator,
and the other signal is sent to the first port in the
second branch in the form of a feedback downlink
electrical signal;

a circulator for receiving the downlink electrical sig-
nal from the power coupler and sending it to a filter,
and receiving the uplink electrical signal from the fil-
ter and sending it to the second port of the second
branch; and

afilter for receiving the downlink electrical signal sent
by the circulator, filtering the downlink electrical sig-
nal and sending it to an antenna, and receiving the
uplink electrical signal sent by the antenna, filtering
the uplink electrical signal and sending it into the
circulator.

[0072] Optionally, the ROF communication remote
machineisin a FDD standard, and the second packaging
module includes:

a power amplifier, used for power-amplifying the
downlink electrical signal sent by the first packaging
module and sending it to a power coupler;

a power coupler for separating the downlink electri-
cal signal received from the power amplifier into two
electrical signals, one of which is sent to an isolator,
and the other signal is sent to the first port in the
second branch in the form of a feedback downlink
electrical signal;

an isolator for receiving the downlink electrical signal
sent by the power coupler and sending it to the du-
plexer; and

a duplexer for receiving a downlink electrical signal
from the isolator and sending it to the antenna, and
receiving an uplink electrical signal from the antenna
and sending it into the second port in the second
branch. As will be appreciated by those skilled in the
art, the embodiments of the present application may
be implemented in the form of a method, a system,
or a computer program product. Accordingly, the
present application may take the form of an entirely
hardware embodiment, an entirely software embod-
iment, or an embodiment combining software and
hardware. Furthermore, the present application may
take the form of a computer program product em-
bodied on one or more computer-usable storage me-
dia (including, but not limited to, disk storage, CD-
ROM, optical storage, etc.) having computer-usable
program code embodied therein.
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[0073] The present application is described with refer-
ence to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program
products according to the present application. It will be
understood that each process and/or block in the flow-
chart illustrations and/or block diagrams, and combina-
tions of processes and/or blocks in the flowchart illustra-
tions and/or block diagrams, can be implemented by
computer program instructions. These computer pro-
gram instructions may be provided to the processor of a
general-purpose computer, special purpose computer,
embedded processor or other programmable data
processing device to produce a machine, so that instruc-
tions are generated and are executed by a processor of
a computer or other programmable data processing de-
vice to produce means for implementing the functions
specified in one or more of the flowcharts and/or one or
more blocks of the block diagrams.

[0074] These computer program instructions may also
be stored in a computer readable memory capable of
directing a computer or other programmable data
processing device to function in a particular manner,
causing instructions stored in the computer-readable
memory to produce an article of manufacture comprising
instruction means. The instruction means implements
the functions specified in the flow or flows of the flow-
charts and/or the block or blocks of the block diagrams.
[0075] These computer program instructions can also
be loaded on a computer or other programmable data
processing device to cause the computer or other pro-
grammable device to perform a series of operational
steps to produce acomputer-implemented process, such
that instructions executing on a computer or other pro-
grammable device thus provide steps for implementing
the functions specified in a flow or flows of the flowcharts
and/or a block or blocks of the block diagrams.

[0076] Obviously, those skilled inthe art can make var-
ious changes and modifications to the presentapplication
without departing from the spirit and scope of the present
application. Thus, if these modifications and variations
of the present application fall within the scope of the
claims of the present application and their equivalents,
the present application is also intended to include these
modifications and variations.

Claims

1. A ROF communication remote machine, comprising
a first packaging module and a second packaging
module,

the first packaging module comprises a wave-
length division multiplexer, a first branch con-
nected to the wavelength division multiplexer,
and a second branch, and the second branch
being connected to the second packaging mod-
ule through afirst portand a second port; where-
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the first branch is used to convert a downlink
optical signal received from a local machine by
the wavelength division multiplexer into a down-
link electrical signal, and send the downlink elec-
trical signal to the second packaging module;
the second branch is used to receive a downlink
electrical signal fed back by the first port, convert
it into a downlink optical signal, and send the
downlink optical signal to the local machine
through the wavelength division multiplexer, and
is used to receive an uplink electrical signal sent
by the second port and convert the uplink elec-
trical signal into an uplink optical signal, and then
send the uplink optical signal to the local ma-
chine through the wavelength division multiplex-
er;

the second packaging module is used to amplify
the power of a downlink electrical signal, send
and feed back the downlink electrical signal to
the first port through the antenna after filtering,
and receive an uplink electrical signal through
the antenna, and send the uplink electrical signal
to the second port after filtering and power-am-

plifying.

The ROF communication remote machine according
to claim 1, wherein the second branch includes a
feedback second branch and an uplink second
branch;

the feedback second branch has afirst selection
switch for selectively switching on the connec-
tion between the first port and the wavelength
division multiplexer, or switching on the connec-
tion between the first port and the second selec-
tion switch;

the uplink second branch has a second selection
switch for selectively switching on the connec-
tion between the second port and the wave-
length division multiplexer, or switching on the
connection between the second selection switch
and the first selection switch.

The ROF communication remote machine according
to claim 2, wherein:

the first selection switch selectively switches on the
connection between the first portand the wavelength
division multiplexer, and the second selection switch
selectively switches on the connection between the
second port and the wavelength division multiplexer.

The ROF communication remote machine according
to claim 2, wherein:

at the time of uplink, the first selection switch
selectively switches on the connection between
the first port and the wavelength division multi-
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plexer, and the second selection switch selec-
tively switches on the connection between the
second port and the wavelength division multi-
plexer; and

at the time of downlink, the first selection switch
selectively switches on the connection between
the first port and the wavelength division multi-
plexer, and the second selection switch selec-
tively switches on the connection between the
second selection switch and the wavelength di-
vision multiplexer.

The ROF communication remote machine according
to claim 1, wherein the ROF communication remote
machine is in a TDD standard, and the second
branch has a first selection switch and a second se-
lection switch;

the second selection switch is used to selectively
switch on the connection between the second port
and the wavelength division multiplexer, or switch
on the connection with the first selection switch, and
the first selection switch is used to switch on or off
the connection between the first port and the second
selection switch.

The ROF communication remote machine according
to claim 5, wherein:

at the time of uplink, the second selection switch
selectively switches on the connection between
the second port and the wavelength division
multiplexer; and

at the time of going down, the first selection
switch is used to switch on the connection be-
tween the first port and the second selection
switch, and the second selection switch selec-
tively switches on the connection with the first
selection switch.

The ROF communication remote machine according
to any one of claims 2 or 5, wherein the first selection
switch and/or the second selection switch are single
pole double throw switches.

The ROF communication remote machine according
to claim 1, wherein the second branch comprises:

a low-noise amplifier for power-amplifying a
downlink electrical signal fed back by a first port
and sending it to a detector, and for power-am-
plifying an uplink electrical signal sent by a sec-
ond port and sending it to the detector; and

a detector for converting the received downlink
electrical signal into a downlink optical signal,
and for converting the received uplink electrical
signal into an uplink optical signal.

9. TheROF communication remote machine according
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to claim 1, wherein the ROF communication remote
machine is in a TDD standard, and the second pack-
aging module comprises:

a power amplifier, used for power-amplifying the
downlink electrical signal sent by the first pack-
aging module and sending it to a power coupler;
a power coupler for separating the downlink
electrical signal received from the power ampli-
fier into two electrical signals, one of which is
sent to a circulator, and the other signal is sent
to the first port in the second branch in the form
of a feedback downlink electrical signal;

a circulator for receiving the downlink electrical
signal from the power coupler and sending it to
a filter, and receiving the uplink electrical signal
from the filter and sending it to the second port
of the second branch; and

afilter for receiving the downlink electrical signal
sent by the circulator, filtering the downlink elec-
trical signal and sending it to an antenna, and
receiving the uplink electrical signal sent by the
antenna, filtering the uplink electrical signal and
sending it into the circulator.

10. The ROF communication remote machine according

to claim 1, wherein the ROF communication remote
machine is in a FDD standard, and the second pack-
aging module comprises:

a power amplifier, used for power-amplifying the
downlink electrical signal sent by the first pack-
aging module and sending it to a power coupler;
the power coupler for separating the downlink
electrical signal received from the power ampli-
fier into two electrical signals, one of which is
sent to an isolator, and the other signal is sent
to the first port in the second branch in the form
of a feedback downlink electrical signal;

an isolator for receiving the downlink electrical
signal sent by the power coupler and sending it
to the duplexer; and

aduplexerforreceiving adownlink electrical sig-
nal from the isolator and sending it to the anten-
na, and receiving an uplink electrical signal from
the antenna and sending it into the second port
in the second branch.

11. AROF system with digital pre-distortion, comprising:

a local machine for modulating and frequency-
converting a downlink signal, then converting
the downlink signal into a downlink optical signal
via alaser, and sending the downlink optical sig-
nal to a ROF communication remote machine,
and for receiving a feedback signal and/or an
uplink signal sent by the ROF communication
remote machine, converting the feedback signal
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and/or the uplink signal into an optical signal
through a detector, and sending the optical sig-
nal to a baseband unit by frequency conversion
and demodulation; and

a ROF communication remote machine as de-
scribed in any one of claims 1-10.
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The first branch in the first packaging module receives a downlink optical signal sent 5301

by the local machine from the wavelength division multiplexer WDM

The downlink optical signal received from the first branch is converted mto a downlink |

electrical signal and sent to the second packaging module

The second packaging module receives the downlink electrical signal sent by the first

packaging module

Figure 3
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The second packaging module sends a downlink electrical signal to the first port of the S401

first packaging module, and controls to switch on the switch of the feedback second

branch

The wavelength division multiplexer WDM receives the feedback downlink optical

signal sent by the feedback second branch

The baseband unit receives the feedback signal and performs data analysis

Figure 4
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. . L . 501
The end antenna of the remote machine receives the uplink signal and sends it to the S

first packaging module

The first packaging module receives the uplink electrical signal, converts it into an

uplink optical signal, and sends it to the local machine

Receive the uplink optical signal sent by the first packaging module, convert it into an

uplink electrical signal, and send it to the baseband unit

Figure 5
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The second packaging module sends a downlink electrical signal to the first port of the S601

first packaging module, and controls to switch on the switch of the feedback second

branch

The wavelength division multiplexer WDM receives the feedback downlink optical

signal sent by the feedback second branch

The baseband unit receives the feedback signal and performs data analysis

Figure 6
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The second packaging module sends a downlink electrical signal to the first port of the S801

first packaging module, and controls to switch on the switch of the uplink second

branch

The wavelength division multiplexer WDM receives the feedback downlink optical

signal sent by the uplink second branch

The baseband unit receives the feedback signal and performs data analysis

Figure 8
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